To examine the prevalence of obesity and its relationship with pressure ulcers among nursing home (NH) populations, and whether such relationship varies with certified nursing assistant (CNA) level in NHs.
O ver the past 30 years the rate of obesity in the US population has increased from 14.1% to 30.5%. 1, 2 The escalating rates of obesity impacts on many healthcare providers including the nursing home (NH) setting. A study of obesity prevalence in NHs in 5 states found that the prevalence of obesity in NHs rose from 15% in 1992 to 25% in 2002. 3 Obesity leads to multiple complications and comorbidities. Obese people usually have increased difficulties in mobility, such as rising from a chair or bed. 4, 5 Because of their heavy body weight and immobility, obese persons may be prone to pressure ulcers, 6 which usually develop when body weight presses skins and tissues on to surfaces such as beds or wheel chairs for long periods. However, the empirical evidence of the relationship between obesity and pressure ulcers among the elderly is not clear. Although some studies indicate that obesity is a risk factor for pressure ulcers, 7, 8 others find that obesity is not related or may even reduce the risk of pressure ulcers among some elderly populations. [9] [10] [11] NH populations are particularly susceptible to pressure ulcers because they are generally old, frail, and have multiple comorbidities, and often have limitations in mobility. 12 Obese NH residents may have an added risk of acquiring pressure ulcers due to their heavy body weight and immobility. NH attributes may further affect the risk of pressure ulcers for obese residents. For example, certified nursing assistance (CNA) level in NHs may been an important role in preventing pressure ulcers. CNAs are the frontline workers who are responsible for repositioning residents or helping them move around to prevent the occurrence of pressure ulcers. 13, 14 Obese residents may require more CNA time to help them with daily activities as well as pressure ulcer prevention because of their heavy body weights. 15, 16 Therefore, facilities with insufficient CNA staffing may not be able to provide sufficient care such as repositioning obese residents often, and the differences in presence of pressure ulcers between obese and nonobese residents might be exacerbated in such facilities. However, to date, most of the published studies have not examined the role of obesity when evaluating pressure ulcer rates in a NH, [17] [18] [19] [20] [21] [22] and none has examined whether and how CNA staffing level impact pressure ulcer rates among obese residents.
Pressure ulcers are closely related to quality of life, mortality, and mobility among NH residents. 23, 24 Therefore, it is necessary to understand the relationship between obesity and pressure ulcers so that efforts can be made to prevent the occurrence of pressure ulcers among obese residents. This study aims to examine the role of obesity in the development of pressure ulcers, and whether facility characteristics, specifically CNA level, is associated with the relationship between obesity and pressure ulcers.
METHODS

Data and Study Population
This study used the Minimum Data Set (MDS) data for all NH residents in Medicare or Medicaid-certified US NHs from 1999 to 2009. Resident assessments are required at admission and at least quarterly thereafter, as long as the resident remains in the NH. The MDS contains residents' sociodemographic characteristics and detailed information about their health conditions. The Online Survey, Certification and Reporting (OSCAR) data containing information from annual Medicare/Medicaid certification surveys of NHs were matched with the MDS assessments by facility identifiers and by year. The OSCAR contains facility-level characteristics, such as information about staffing levels in NHs.
We identified all residents who were newly admitted to NHs between 2000 and 2008. Newly admitted residents were defined as those who did not have any NH stay in the prior year (ie, no MDS records in the prior year). The new admission cohort allowed us to control for individuals' health conditions that were beyond NHs' control (ie, health conditions at admission), and thus protected the analyses against overadjustment of the NH's quality of care. The few residents who had multiple "new" admissions during the study period were represented once by randomly selecting 1 admission. We followed the new admission cohort for up to 1 year. Thus study accrual was between 2000 and 2008 with 1999 data used to identify new NH admissions in 2000 and 2009 records used to obtain 1-year follow-up information for 2008 cohort. We further identified residents whose NH stay lasted over 90 days (as evidenced by a quarterly or annual MDS assessment), and they were considered "long-stayers." We selected this cohort because as compared with short-term residents, the presence of pressure ulcers among long-stay residents was more likely to be a reflection of the quality of care in the NH. 25 We identified 10,663,317 new admissions between the years 2000 and 2008. As we were interested in the effects of obesity, we excluded residents who were underweight (BMI < 18.5 kg/m 2 ). 26 Our final sample included 2,217,961 newly admitted residents who became long-stayers.
Variables
Outcome Variable
The outcome variable was dichotomous, defined as the presence of any pressure ulcers (at any stage) on quarterly or annual assessments during a 1-year follow-up period. MDS assessments record the pressure ulcer conditions within 7 days before the assessment date. We used the prevalence of pressure ulcers because pressure ulcers are potentially treatable and the prevalence is commonly used as a quality indicator. 25
Independent Variables of Interest
We obtained residents' height and weight from the MDS admission assessments and calculated their BMI index, defined as kg/m 2 . We excluded residents who were under-weight (BMI < 18.5 kg/m 2 ). On the basis of their BMI index, we classified residents into 3 groups: mild obesity (30rBMI < 35 kg/m 2 ), moderate to severe obesity (BMIZ 35 kg/m 2 ), and not obese (18.5rBMI < 30 kg/m 2 ). 26
Control Variables
We controlled for residents' pressure ulcer status at admission, as well as other health conditions at admission that could be associated with the occurrence of pressure ulcers, including bed mobility (whether a resident needs extensive help or totally dependent), activities of daily living scale (ranging from 0 to 28 with 0 indicating total independence and 28 indicating total dependence), severe cognitive impairment (cognitive performance scale Z4), bowel or bladder incontinence, use of psychotic medications, terminal disease conditions, use of physical restraints, and comorbidities (diabetes, stroke, dementia, cancer, heart disease, asthma, or chronic obstructive pulmonary disease). We further controlled for individual sociodemographic characteristics (age, sex, and race coded as black, white, and other races). Finally, we controlled for secular time trend by including annual indicators based on year of admission.
Facility-certified nurse assistant (CNA) staffing level, measured by CNA hours per resident per day, was obtained from OSCAR and was used to stratify our analysis, as will be discussed below.
Statistical Analysis Descriptive Analysis
We first examined the prevalence of obesity at admission among all newly admitted NH residents over a 9-year period (2000-2008) . We then examined individual characteristics among the newly admitted residents who became long-stayers. We obtained individual sociodemographic characteristics and health status at the time of their initial admission and compared these measures among nonobese, mildly obese, and moderately or severely obese residents.
The Relationship Between Obesity and Pressure Ulcers
Two types of analyses-pooled and stratified analyseswere performed to examine the relationship between obesity and pressure ulcers among long-stay residents, and whether such relationship varied by NH characteristics. All analyses used individual as the unit of analysis and adjusted for individual conditions measured at admission. The pooled analyses fit regression models by using all eligible residents across all NHs. We first used a logit model to examine the overall relationship between obesity and pressure ulcers among all residents, regardless of the facility in which they resided. We then fit a conditional fixed-effects logit model to account for NH effects and examine the difference in the odds of pressure ulcers between obese and nonobese residents within facilities. The conditional fixed-effects logit model accounts for the heterogeneity of facilities 27, 28 -that is, the difference in facilities' overall quality of care and pressure ulcer rates. The advantage of this model is that it accounts for unobserved facility effects and provides consistent estimates without requiring assumptions of the distribution of unobserved facility effects or the correlation between unobserved facility effects and other covariates. In contrast, a random-effects model requires unobserved facility effects to be independent of other covariates, and the violation of this assumption may result in inconsistent estimates. 28 Secondly, we performed a stratified analysis to examine whether the within-facility difference in pressure ulcers between obese and nonobese residents varied across facilities with different CNA staffing levels. The within-facility differences in pressure ulcers between obese and nonobese residents could be caused by 2 possible reasons. First, it may be caused by the underlying physiological relationship between pressure ulcers and obesity-that is, obese residents are more likely to develop pressure ulcers than nonobese residents because of inherent obesity-related health conditions. Secondly, it may arise from the different levels of care received by obese and nonobese residents within a facility. Although we were not able to directly differentiate these 2 reasons, we tested the hypothesis that the relationship between obesity and pressure ulcers was exclusively caused by physiological mechanismthat is, the within-facility difference between obese and nonobese residents should not vary across NHs. The rejection of this hypothesis implies the role of NH in the relationship between obesity and pressure ulcers. To test this hypothesis, we stratified NHs into 3 strata according to their CNA staffing level. The stratification was based on the distribution of CNA hours per resident per day in each facility [top 25 percentile (Z2.52 h per resident per day), bottom 25 percentile (r1.76 h per resident per day), vs. all others]. We chose to use CNA staffing level to stratify the analysis because most pressure ulcer care relied primarily on CNAs. Therefore, NHs with a lower level of CNA staffing may not be able to provide good care in preventing pressure ulcer as well as NHs with higher CNA staffing levels. We repeated the conditional fixed-effects logit model in each stratum and tested whether the estimates of obesity varied across the subgroups. If the within-facility difference in the odds of having pressure ulcers between obese and nonobese residents varies by facility CNA level, it implies that the relationship between obesity and pressure ulcers is not exclusively caused by physiological mechanism and NH attributes also matters.
Finally, in order to check the robustness of our findings, we performed the same set of analyses on the incidence of new pressure ulcers using a subset of the sample who did not have pressure ulcers at admission, and examining whether they developed any pressure ulcers in the follow-up period.
All these analyses were performed by STATA 11. The conditional fixed-effects models were performed by XTLO-GIT procedure, and test of coefficients across models was performed by SUEST procedure.
RESULTS
Descriptive Analysis
The prevalence of obesity in NHs increased substantially among newly admitted NH residents over the 9-year period. Specifically, the proportion of newly admitted NH residents with mild obesity (35 > BMIZ30 kg/m 2 ) increased from 10.2% in the year 2000 to 13.9% in the year 2008, and the proportion of newly admitted NH residents with moderate or severe obesity (BMIZ35 kg/m 2 ) increased from 6.7% to 11.9% during the same time period ( Fig. 1 ).
Among the newly admitted residents, 24.8% of nonobese residents (N = 1,789,655), 19.9% of mildly obese residents (N = 257,368), and 17.1% of moderately or severely obese residents became long-stayers (N = 170,938). Table 1 presents individual characteristics (ie, control variables for regression models) among residents who became long-stayers, stratified by their obesity status. Compared with nonobese residents, obese residents were younger, more likely to be female, and black. As expected, residents with moderate or severe obesity were more likely to have bed mobility problems as compared with nonobese residents. However, they were less likely to have cognitive impairment, less likely to have incontinence, and less likely to use physical restraints than nonobese residents. The distributions of comorbidities were also different between obese and nonobese residents. Residents with moderate or severe obesity were more likely to have diabetes, heart and lung problems, but less likely to have cancer or dementia, as compared with nonobese residents. Table 2 presents the results relating obesity status and pressure ulcers, controlling for individual health conditions at admission (all variables listed in Table 1 were controlled but were not presented in Table 2 . See Appendix 1 for details). Obese residents, especially those who were moderately or severely obese, were more likely to have pressure ulcers than nonobese residents after adjusting for their health conditions at admission. This effect persisted even after accounting for overall quality of care in NHs (ie, facility fixedeffects). As indicated by the pooled analysis in Table 2 , residents with moderate or severe obesity had 15.8% higher odds of having pressure ulcers than nonobese residents if not accounting for facility effects. After accounting for facility effects, residents with moderate or severe obesity had, on average, 15.0% higher odds of having pressure ulcers as compared with nonobese residents in the same facility. Table 2 also presents the findings from the stratified analyses (by conditional fixed-effects logit model). Although the within-facility difference in the odds of having pressure ulcers between obese and nonobese residents persisted in each stratum, the magnitude of such difference varied across strata. Specifically, the adjusted odds ratio of pressure ulcers for residents with moderate or severe obesity relative to nonobese residents was 1.189 within NHs with low CNA levels, 1.140 within NHs with medium CNA levels, and 1.128 within NHs with high CNA levels. These odds ratios were statistically different (P < 0.05), suggesting there were variations of within-facility relationships between pressure ulcers and moderate or severe obesity across NHs with different CNA levels.
Obesity and Pressure Ulcers
The results from the sensitivity analyses on the cohort of residents who did not have pressure ulcers at admission were consistent with the results from our main analyses, and the relationship between obesity and pressure ulcers was even stronger. As presented in Table 3 , the adjusted odds ratio of pressure ulcers for residents with moderate or severe obesity relative to nonobese residents was 1.241 within NHs with low CNA levels, 1.187 within NHs with medium CNA All the variables listed in Table 1 as well as secular time trends were included in the analyses as control variables but results not shown in this table (details are available in Appendix 1).
The numbers in the cells indicate odds ratios of having pressure ulcers among obese residents relative to nonobese residents (ie, nonobese residents serve as the reference group). The numbers in the parentheses represent 95% confidence intervals.
The effects of moderate or severe obesity on pressure ulcers are statistically significant across the 3 strata (ie, odds ratio of 1.189, 1.140, and 1.128) with P value of < 0.05. **P < 0.05. ***P < 0.01. BMI indicates body mass index; CNA, certified nursing assistant. levels, and 1.146 within NHs with high CNA levels, respectively (the detailed results of covariates are available in Appendix 1). Consistently with the main analyses, the within-facility differences in the odds of pressure ulcers between nonobese and moderately or severely obese residents were statistically different across the strata (P < 0.05).
DISCUSSION
To the best of our knowledge, this is the first study to use a recent longitudinal nationwide dataset to examine the prevalence of obesity and the prospective relationship between obesity and pressure ulcers among NH residents. We found that the prevalence of obesity increased significantly among newly admitted NH residents in the last decade. Moreover, we found that obesity, especially moderate or severe obesity, was associated with higher odds of having pressure ulcers among long-stay NH residents. Such relationship was quite robust, even after controlling for other individual characteristics and overall facility quality of care. These findings suggest that there may be a physiological relationship between moderate or severe obesity and pressure ulcers among NH residents. Therefore, it may be necessary to consider obesity as a risk adjustor when evaluating the quality of care in NHs by using pressure ulcer rates. In other words, if the rate of moderate or severe obesity in a NH is not controlled, NHs with a higher proportion of moderately or severely obese residents may be penalized because they are inherently more likely to have a high prevalence of pressure ulcers.
In addition to the possible physiological relationship between obesity and pressure ulcers, our findings also suggest the impact of NH's characteristics on the relationship between obesity and pressure ulcers. Specifically, the withinfacility difference in the odds of having pressure ulcers between moderately or severely obese and nonobese residents was smaller in NHs with a higher level of CNA staffing as compared with that in NHs with a lower level of CNA staffing. Because of their excessive body weight, moderately or severely obese residents usually require more staff hours to fulfill even a simple task such as moving around, as compared to nonobese residents. 16 Hence, the level of care required by obese residents could be higher than that required by nonobese residents to achieve the same level of pressure ulcer prevention. Facilities with lower CNA staffing levels may be even less likely to be able to provide the optimal care to their obese residents, and therefore the difference in pressure ulcer prevention between obese and nonobese residents may be even larger in such facilities.
To prevent pressure ulcers among obese residents and reduce the related complications, efforts should be focused on developing options to improve the quality of care of obese residents. However, caring for obese residents is challenging for NHs. Obese residents, especially those with moderate or severe obesity, often require personal care assistance from >1 provider to perform activities of daily living because of their heavy body weight and immobility. 3, 16 The need for care by more than a single provider increases the need for coordination of care among several caregivers, making the scheduling of care even more complicated. In addition to the staffing burden, NHs need special equipment and space to accommodate obese residents. 29, 30 Equipment, such as for lifting, is not only important for providing accommodation to obese residents, but also important to prevent injuries of staff caring for obese residents. 31 Staff injuries are not only costly but also affect staff satisfaction, which consequently influence the quality of care delivered to residents. Thus, caring for obese residents incur higher costs to NHs due to the additional needs in staff time, space, and supplies.
One strategy that may help improve the care of obese residents is to incorporate obesity as an adjuster in case-mix reimbursement. In this way, facilities with a higher proportion of obese residents will be more likely to receive reimbursement for care commensurate with the needs of their obese residents. Better reimbursement can potentially help NHs invest in the resources needed to care for their obese residents. However, a change in reimbursement strategy should be combined with quality monitoring efforts. Previous studies have demonstrated that case-mix reimbursement creates a financial incentive to "cherry picking," and does not necessarily translate into better quality of care. 32, 33 All the variables listed in Table 1 as well as secular time trends were included in the analyses as control variables but results not shown in this table (details are available in Appendix 1).
The effects of moderate or severe obesity on pressure ulcers are statistically significant across the 3 strata (ie, odds ratio of 1.241, 1.187, and 1.146) with P value < 0.05. **P < 0.05. ***P < 0.01. BMI indicates body mass index; CNA, certified nursing assistant.
It has also been suggested that special care units with specialized equipment and specially trained staff for obese residents may be an alternative to ensure optimal care for these residents. 16 However, the economic consequence of providing special care, and in particular, to obese residents is unclear. Although 1 study found that within a given facility, specialty care unit was not related to a higher level of resource use (except for the initial investment in developing the special care unit), 34 another study indicated that the use of special care units was significantly related to the use of more direct care resources. 35 Several limitations need to be noted. First, our analysis focused only on residents who become long-stayers. These residents may be quite different from other residents admitted to NHs for short-stays. Hence, our study may not represent the general obese NH populations, especially those who are discharged from NH in a short time period. However, we consider NH attributes more relevant to the prevention and treatment of pressure ulcers among long-stayers while the prevalence of pressure ulcers among short-stayers could be a result of care provided outside of the NH, such as the discharging hospitals. 25 Moreover, the relationship between pressure ulcers and obesity among long-stayers may have the same implication for short-stayers. Secondly, this study did not examine the reoccurrence of pressure ulcers for obese and nonobese NH residents, which may provide additional information about the relationship between NH staffing and pressure ulcer risks among obese NH residents. Thirdly, although we found CNA that staffing levels can modify the relationship between obesity and the occurrence of pressure ulcers, we were not able to draw the causal relationship between CNA staffing level and the risk of pressure ulcers experienced by obese residents. Some other facility characteristics, such as ownership, may affect the CNA staffing levels as well as the prevalence of pressure ulcers in NHs. Therefore, at this stage, it may not be appropriate to simply recommend NHs to invest in CNAs. However, on the basis of the literature which shows the important role of CNA in providing care to obese residents and pressure ulcer prevention, we believe our study implies the potential important role of CNA staffing level in pressure ulcer prevention among obese NH residents. Future studies are warranted to differentiate the impact of different facility factors on pressure ulcer risks among obese residents. Fourthly, we did not examine the effects of time-varying covariates on the development of pressure ulcers as we were not able to differentiate whether time-varying covariates were the consequence of facility effects or underlying disease conditions. Finally, as the quality of care in NHs is multidimensional, and association between quality performance in different areas is not always clear. 36 Therefore, future research should extend this research to other quality indicators (eg, falls).
In conclusion, the increasing prevalence of obesity affects multiple healthcare settings, including NHs. To prepare for the rising rate of obesity in healthcare settings, policies and practice strategies should be developed in order to improve the quality of care of obese residents. Methods to evaluate the costs and benefits of the potential approaches should also be examined. 1.000*** (1.000-1.000) 1.000*** (1.000-1.000) 1.000*** (1.000-1.000) 1.000*** (1.000-1.000) 1.000*** (1.000-1.000) 
